Purpose: It is unknown whether patients with advanced rectal cancer develop severe constipation. Therefore, the objective of this study was to assess whether constipation severity is associated with pathologic progression of rectal cancer.
INTRODUCTION
Although the majority of cases of rectal cancer are not diagnosed until they reach an advanced pathologic stage, the referral of symptomatic patients for clinical investigations is important for the early detection of rectal cancer [1, 2] because about three-quarters of rectal cancers present with rectal bleeding, constipation, or changes in bowel habits [3, 4] . However, the clinical relevance of constipation in rectal cancer is unknown, and recent clinical guidelines do not include constipation as a high-risk symptom [5] , even though it is a common symptom in patients with rectal cancer [6] .
Obstructive symptoms were reported as a marker for tumor progression in right colon cancer [7] . Furthermore, a previous study showed that preoperative obstruction predicted worse long-term prognosis of stage III colorectal cancer, and could help to JKSS Gil-Yong Lee, et al: Constipation in rectal cancer patients identify patients with high-risk colorectal cancer [8] , although this is a controversial issue [9] . Symptoms of colorectal cancer were reported to help identify the cancer site, and constipation was more prominent in left-sided cancer [10] . However, until recently, it was unknown whether patients with advanced rectal cancer develop severe constipation.
In studies assessing the oncologic relevance of constipation in rectal cancer, potential systemic error can be reduced by using a reliable scale for assessing constipation severity, homogeneity of tumor location, and controlled preoperative chemoradiotherapy. Since January 2005, we have routinely assessed constipation severity in patients with rectal cancer using the Cleveland Clinic Constipation Scoring System (CCSS). This system is compatible with objective physiologic findings, provides standardized assessment of constipation [11] , and has been validated in clinical practice [12] [13] [14] [15] . The objective of this study was to assess whether constipation severity is associated with pathologic progression in patients with rectal cancer who did not receive preoperative chemoradiotherapy.
METHODS
This prospective single-center, cohort study was designed to evaluate the clinical relevance of constipation severity in terms of the pathologic stage and prognosis of rectal cancer. We first screened 675 consecutive patients with rectal cancer who underwent resection between January 2005 and December 2010. All of the tumors were histologically classified as adenocarcinoma and were located ≤15 cm from the anal verge. We excluded patients who underwent emergency surgery for suspected bowel obstruction or perforation, and who could not complete the questionnaire. We also excluded patients who received prior chemoradiotherapy to avoid potential bias caused by down-staging of the primary tumor. The study was approved and overseen by the Institutional Review Board at Seoul National University Bundang Hospital.
The following factors were analyzed in this study: patient demographic factors, including age, sex, body mass index (BMI), and carcinoembryonic antigen (CEA); pathologic features, including tumor size and TNM classification; and oncologic data, including long-term survival and disease recurrence. The pathology reports were prepared according to the Guidelines of the College of American Pathologists [16] . Tumor staging was based on the American Joint Committee on Cancer guidelines [17] .
Constipation score was self-reported by patients and the completed forms were collected by dedicated research nurses blinded to the study. We measured preoperative constipation severity using the Korean version of the CCSS. The CCSS, developed by Agachan et al. [11] consists of eight items: frequency of bowel movements, painful evacuation, incomplete evacuation, abdominal pain, length of time per attempt, assistance for evacuation, number of unsuccessful attempts of evacuation per 24 hours, and duration of constipation. Scores range from 0 to 30, and higher scores indicate more severe symptoms.
All patients were followed-up in accordance with a prespecified protocol. Follow-up visits were scheduled at 1 and 4 months after surgery, then every 3 months for the first 2 years, every 6 months for the next 3 years, and then every 12 months thereafter for 5 years. CEA serum levels were measured every 3 months, abdominal computed tomography and chest X-rays were performed every 6 months, and total colonoscopy was performed annually. All recurrences were diagnosed based on imaging and biopsy was performed if necessary. Recurrence was classified as local (i.e., around the anastomosis or within the region of the primary operation), systemic, or combined.
Our approach to managing missing data was to include only individuals with complete data for all variables included in multivariable analysis of constipation score and survival. Student t test, c 2 analysis/Fisher exact test, one-way analysis of variance, and multiple linear regression analysis were used to evaluate clinicopathological variables of relevance to the constipation score. Variables showing a significant correlation or a tendency toward an association (P < 0.20) were entered into the regression models using the forward selection method. Continuous variables were grouped using conventional cutoff values, such as age of 65 years old, BMI of 25 kg/m 2 , CEA of 5 ng/mL, and tumor size of 5 cm.
Survival data were obtained from the cancer registry, and the study population was classified into three groups accor- 
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Journal of the Korean Surgical Society 37 ding to tertiles of constipation score. The 3-year disease-free survival and 5-year overall survival curves were estimated using the Kaplan-Meier method, and differences in survival curves were compared using the log-rank test. Multivariable analysis were performed using the Cox proportional hazard model. All statistical tests were two-sided and were performed using the IBM SPSS ver. 20.0 (IBM Co., Armonk, NY, USA). Values of P < 0.05 were considered to indicate statistical significance. One-way analysis of variance.
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RESULTS
A total of 472 patients with rectal cancer underwent elective surgical resection without preoperative chemoradiotherapy and were eligible for analysis (Fig. 1) . The response rate to the constipation questionnaire was 86.2%. The mean ± standard deviation constipation score was 5.29 ± 4.02, the median score was 4 (interquartile range [IQR], 2 to 8), and the distribution was skewed leftwards (Fig. 2) .
Constipation scores were higher in the following groups of patients: females (P < 0.001), BMI < 25 kg/m 2 (P = 0.031), larger tumor ≥5 cm (P < 0.001), advanced T stage (P < 0.001), lymph node positive (P = 0.001), and distant metastasis (P < 0.001) ( Table 1 Table 2) .
After a median follow-up of 36 months (IQR, 23 to 59 months) of patients with stage I−III disease (n = 397), 52 (13.1%) showed disease recurrence. The recurrence rate was greater in patients with severe constipation (constipation score 0−3, 12.0%; score 4−7, 11.1%; score ≥8, 22.7%; P = 0.049) ( Table 3) . The 3-year disease-free survival rate was also significantly lower in patients with severe constipation than in patients with less severe constipation (constipation score 0−3, 87.6%; score 4−7, 88.9%; score ≥8, 77.9%; P = 0.047) ( Table 4 , Fig  3) . Severe constipation (score ≥8 vs. score 0−3; hazard ratio [HR], 2.39; 95% CI, 1.15 to 4.98; P = 0.020) and TNM stage were independent prognostic factors for 3-year disease-free survival in multivariable analysis, after excluding T stage to reduce multicollinearity.
The median follow-up for stage I−IV patients (n = 472) was 44 months (IQR, 31 to 69 months). In univariable analysis, constipation score, age, CEA, tumor size, and TNM stage were associated with the 5-year overall survival rate ( Table 5 , Fig. 4) . In multivariable analysis, severe constipation severity was an independent prognostic factor for 5-year overall survival rate (score ≥8; HR, 2.30; 95% CI, 1.23 to 4.30; P = 0.009), as were age and TNM stage.
DISCUSSION
This large-scale prospective cohort study showed that 
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In the present study, we investigated the association between oncologic outcomes of rectal cancer and preoperative constipation severity, which was measured using a quantitative scoring system (CCSS) because constipation may represent a combination of heterogeneous symptoms. We had a high response rate of 86.2% to CCSS [18] . This scoring system, which includes several well-designed questions, could reduce Cox proportional hazard model. Fig. 3 . Kaplan-Meier analysis of 3-year disease-free survival in patients divided by tertiles of constipation score.
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Gil-Yong Lee, et al: Constipation in rectal cancer patients systemic error compared with previous studies that relied on the patient's subjective recall of symptoms [19] . The CCSS does not have a cutoff value for the diagnosis of constipation, although the mean score in a general population was reported to be 3.4 [11] . In this study, 22.3% of patients had a constipation score of ≥8, similar to the prevalence of constipation among patients with colorectal cancer in an earlier study [6] . We showed that constipation score was independently associated with recurrence-free or overall survival, while the association between TNM stage and mortality observed in this study is already well known. Our findings in patients with rectal cancer confirm those of a previous study, which suggested that obstruction may predict worse long-term prognosis in patients with colorectal cancer [7, 8] . Our study also showed that age is a poor prognostic factor for overall survival but not for recurrence-free survival, as reported in a systematic review [20] .
Several investigators showed that the duration of preoperative constipation was not associated with prognosis after colorectal cancer surgery [21] . That study assessed constipation Cox proportional hazard model.
Gil-Yong Lee, et al: Constipation in rectal cancer patients in terms of its duration alone in a heterogeneous group of patients with colon and rectal cancer. They proposed that rectal bleeding, as a first symptom, was associated with lower mortality rates whereas mild anemia was associated with higher mortality rates. We suggest that constipation may be an insidious symptom of rectal cancer to be developed to obstruction, and its effects differ from those of bleeding, which is complained at the early period of rectal cancer. We suggest that quantitative assessment of constipation severity provides more accurate information than its duration alone when assessing patients with rectal cancer, based on the results of oncologic analysis in this study.
The present study showed that tumor size, T stage, and distant metastasis were associated with constipation severity in rectal cancer, as well as female sex and lower BMI, as reported in previous studies [22, 23] . Considering that larger tumors or advanced tumors in the rectum were associated with severe constipation, these results suggest that constipation in patients with rectal cancer may be caused by mass effect. In addition, we consider that advanced rectal cancer could affect for constipation severity by decreasing the compliance of rectum, which may be related to perineural invasion [24, 25] , lymphatic metastasis followed by obstruction [26, 27] , or inflammatory cytokines [28] .
This study has some limitations. First, the Korean version of the CCSS has not been validated. However, the response rate was high, and the responses were considered to be reliable based on anonymous interviews that were conducted by independent nurses blinded to the study. Second, the etiology of constipation was not differentiated, and symptoms other than constipation were not evaluated, although rectal bleeding, weight loss, abdominal pain, and anemia was warranted for the diagnosis of colorectal cancer in a systematic review [29] . Nevertheless, the clinical relevance of constipation could be confirmed in a well-controlled study aimed at reducing selection bias, because constipation is common symptom in patients with rectal cancer [6] . Third, we excluded patients who had previously received chemoradiotherapy. Preoperative chemoradiotherapy is usually performed for rectal adenocarcinomas located ≤9 cm from the anal verge, which were clinically diagnosed as cT3, N0−2 lesions based on pelvic computed tomography, transanal ultrasonography, and magnetic resonance imaging in our previous study [30] . In this study, we excluded these patients to avoid possible systemic error because down-staging of tumor size as a result of chemoradiotherapy could affect constipation severity.
In conclusion, this study showed that preoperative constipation severity is associated with advanced pathologic stage and poor oncologic outcomes in patients with rectal cancer. To our knowledge, this is the first study that the oncologic relevance of constipation was revealed in the pro spective cohort design using a quantitative measure. Based on these findings, severe constipation may be considered as a marker for high-risk group in rectal cancer.
